Three new communesin congeners, communesins C, D, and E, together with two known communesins A and B were isolated from okara that had been fermented with Penicillium expansum Link MK-57. All these communesins showed the insecticidal activity against the silkworms.
Microbial metabolites such as avermectin are attracting increasing attention as potential pesticides, and they are expected to overcome the resistance and pollution that have become associated with the use of synthetic pesticides. 1) In our continuing studies on fungal metabolites bioactive against silkworms, [2] [3] [4] we have previously isolated the fungus, Penicillium expansum Link MK-57, 5) from soil collected in Sakai, Osaka. The acetone extract of okara (the insoluble residue of whole soybean) fermented with this strain was found to exhibit the insecticidal activity against silkworms. This paper describes the isolation, structure, and biological activity of the new communesins.
The acetone extract of okara (15 kg) fermented with Penicillium expansum Link MK-57 was extracted with EtOAc and evaporated under reduced pressure. The resulting residue (45 g) was first fractionated by column chromatography on Wakogel C-200 with mixtures of nhexane, EtOAc and MeOH to yield active fractions 1 and 2. Fraction 1 (5 g, 70-80% EtOAc) was further fractionated on Wakogel C-200 with mixtures of CHCl 3 and acetone, and successively flash-chromatographed on Kieselgel 60 in CHCl 3 to obtain active fractions 3 and 4. Fraction 3 (330 mg, Fr. Nos. 19-21) was flash-chromatographed on Kieselgel 60 with a mixture of n-hexaneCHCl 3 -acetone (2:2:1) and finally purified by HPLC (Inertsil ODS, 80% MeOH in water) to yield 5 (15 mg). Fraction 4 (870 mg, Fr. Nos. 22-35) was flash-chromatographed on Kieselgel 60 with a mixture of n-hexaneEtOAc (3:1) to obtain active fractions 5 and 6. Fraction 5 (500 mg, Fr. Nos. 12-38) was purified by HPLC (Inertsil ODS, 70% MeOH in water) to obtain 2 (375 mg). Fraction 6 (45 mg, Fr. Nos. 40-50) was recrystallized from acetone to yield 3 (15 mg). Fraction 2 (4.2 g, 100% EtOAc and 10% MeOH) was further fractionated on Wakogel C-200 with mixtures of CHCl 3 and acetone to obtain active fractions 7 and 8. Fraction 7 (1.6 g, 5% acetone) was successively crystallized from MeOH and toluene to yield 1 (900 mg). Fraction 8 (400 mg, 10% acetone) was flash-chromatographed on Kieselgel 60 with a mixture of n-hexane-CHCl 3 -acetone (2:2:1), purified by HPLC (Inertsil ODS, 50% MeOH in water), and finally recrystallized from MeOH to give 4 (13 mg).
The structures of the known compounds, communesins A 6) (1) and B 7) (2), were assigned by comparing their physicochemical properties and spectral data with those reported in the literature.
8) The other three compounds were new and were named communesins C 9) (3), D 10) (4) and E 11) (5) .
y To whom correspondence should be addressed. . This fact, together with the difference in molecular formula between 2 and 3, suggested that the methyl group in 2 was substituted by a formyl group in 3. Key HMBC correlations from H-1 0 to C-6, and from H-5 to C-6, C-4 and C-8a clearly established the location of this formyl group to be N-15 and allowed the planar structure of communesin C (3) to be fully assigned.
Communesin D (4) had a molecular formula of C 27 H 30 N 4 O 2 , as determined by HRFABMS and NMR data (Tables 1 and 2 ), suggesting that 4 was a desmethyl compound of communesin A (1). The 1 H-NMR spectra of 4 and 1 were nearly superimposable, but 4 lacked the signal for an N-methyl observed in 1, indicating 4 to be N-15 desmethyl communesin A. This replacement was supported by the upfield shift of C-6 and the downfield shift of C-14 in the 13 C-NMR spectrum. In addition, the presence of an acetyl group at N-16 was suggested by the signals at H 2.35 (3H, s), C 172.1 and C 22.7. The presence of a 2-methyl-1,2-epoxypropyl at C-11 was also suggested by the signals at H 1.39 (3H, s), H 1.54 (3H, s), H 2.87 (1H, d, J ¼ 9:1), and H 4.10 (1H, d, J ¼ 9:1). Consequently, communesin D (4) was elucidated to be the N-15 desmethyl derivative of communesin A (1). The relative stereochemistry of 3, 4 and 5 was deduced to be the same as that of 1 and 2 at all chiral centers on the basis of the close similarity of the spectral parameters, especially the 13 C-NMR chemical shifts, with the corresponding values for 1 and 2.
The insecticidal activity of communesins A (1), B (2), C (3), D (4) and E (5) was examined against third instar larvae of silkworms by an oral administration.
12) The LD 50 values for 2 and 5 were 5 and 80 g/g of diet, respectively. Communesins A (1), C (3) and D (4) exhibited lower insecticidal activity than that of 2 and 5, showing LD 50 values for 1, 3 and 4 to be 150, 300 and 80, respectively. Communesins A and B have been isolated from the mycelia of a strain of Penicillium sp. adhering to the marine alga, Enteromorpha intestinalis, 6) and reported to exhibit cytotoxic activity in the P-388 lymphocytic leukemia test system in cell cultures.
6) The ED 50 values for 1 and 2 were reported to be 3.5 and 0.45 g/ml, respectively, in the test system.
The ring system of communesins is very rare, and only one similar compound nomofungin, which had a dihydropyran ring instead of the tetrahydropyridine ring in communesin B, has recently been reported as a microfilament-disrupting agent from the fermentation broth of an unidentified endophytic fungus obtained from the bark of Ficus microcarpa L. 13 
